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In this study, the optimized 4-(4-hydroxybenzyl)-2-amino-6-hydroxypyrimidine-5-carboxamide derivative was formulated as nanoparticles to evaluate for their anticancer activity. The response surface methodology (RSM) was performed with utilization of Box-Behnken statistical design (BBSD) to optimize the experimental conditions for identification of significant synthetic methodology. To explore the stability of the derivative was done by density functional theory (DFT). Graph theoretical analysis was introduced to identify the drug target p38α MAP Kinases and then insilico modeling was performed to provide straightforward information for further structural optimization. The experimental results under optimal experimental conditions obtained 74.55-76 % yield of 4-(4-hydroxybenzyl)-2-amino-6-hydroxypyrimidine-5-carboxamide, 127oC melting point and Rf value 0.59 were well matched with the predicted results and this was gaining 95 % of confidence level and suitability of RSM. The spectral data were reliable with the assigned structures of synthetic yields. The formulated nanoparticles were exhibited a good anticancer activity against used cancer cell line MCF7. Amusingly the observed docking scores and in-vitro anticancer activity was proving the compound significance and potential as a potent p38α inhibitor. Further, we have elucidated the mechanism of action at its functional level using label-free quantitative proteomics. Interestingly the observed results were indicating that the derived proteomics data involving in the alteration process in cancer-related regulatory pathways.
Introduction
Despite the fact that, the choice of easily reached and pharmacophoric heterocycles is fairly limited, the development of novel, fast, and healthy routes toward paying attention of synthesis of heterocycles are great significance. In this connection the literature review revels that, the pyrimidines and fused pyrimidines are important classes of heterocyclic compounds. They are widely used as key input to the structure construction for pharmaceutical agents and it's known to exhibit pharmacological activities like analgesic, anti-inflammatory [1, 2] , anticancer [3] [4] [5] [6] , antifolates [7] , antihistaminic [8] , antibacterial [9] , antiviral [10] , hypoglycaemic [11] , anticonvulsive [12] , PDE4 inhibitor [13] . In addition the heterocyclic pyrimidine ring system is an extensively spread in various structural scaffolds that are present in a number of pharmaceuticals as well natural products. The unique structural collection and the highly marked pharmacological activities are displayed by this class of pyrimidine compounds have made them eye-catching synthetic targets. Led by above facts on pyrimidine chemistry, the compound 4-(4-hydroxy benzyl)-2-amino-6-hydroxypyrimidine-5-carboxamide was chosen to optimization to get significant synthetic route. The combinatorial chemistry is regularly applied into find new biologically active scaffold. In this point of view, multicomponent reactions (MCRs) are very attractive and commanding tool in the current drug discovery course that to lead findings and lead optimization [14] [15] [16] [17] . The present study was aiming that to developing and validating 4-synthesis of (4-hydroxy benzyl)-2-amino-6-hydroxypyrimidine-5-carboxamide using response surface methodology because no work has been done so far in this particular area. The RSM is a statistical tools [18, 19] used to analyze quantitative data through simultaneously solve multivarient equations [20] . In this connection to perform this, there are five different parameters such as 4-hydroxy benzaldehyde (X 1 ), ethyl cyanoacetate (X 2 ), guanidine hydrochloride (X 3 ), temperature (X 4 ) and rotation per minute (X 5 ) were chosen for investigation. The study of optimization with different independent and dependent levels was employed to look at the optimum conditions with high opinion to synthetic yields of (4-hydroxy benzyl)-2-amino-6-hydroxypyrimidine-5-carboxamide. The synthesized pyrimidine derivative was formulated as nanoparticles to enhance its therapeutic action. Mitogen Activated Protein Kinases (MAP Kinases) are very important signalling path and it involves in cell proliferation and cell death and typically it was linked with cancer cells particularly breast cancer [21] [22] [23] . The introduced graph theoretical analysis was producing information that the importance MAP Kinases and its interaction that to improve insilico modeling for identification of target especially in breast cancer agents. The optimization of pyrimidine derivatives and their structures has available in commercial market, like Uramustine, Tegafur, Floxuridine, Fluorouracil, Cytarabine, Methotrexate etc., Herein, we repor t the stabilit y of designed struc ture 4-(4-hydroxybenzyl)-2-amino-6-hydroxypyrimidine-5-carboxamide by using DFT and its insilico screening was performed based on the results obtained from graph theoretical analysis, the identified active sites of available crystal structure of MAP Kinases (2FST) was used for docking studies. In addition to increasing our awareness of the significance of active molecule identification, the introduced graph theoretical analysis, DFT label free quantitative proteomics and approach is attractive and it is meaningful to formulate pyrimidine nanoparticles and screen them for their anticancer activity.
Materials and Methods

Materials
The graph theoretical analysis was performed by KEGG database and Cytoscape software 3.3.0. The docking study was performed by Sybyl-x version 2.0, Tripos International, St. Louis, MO, USA, 2012." The density functional theory was performed by Becke's 3-parameter exchange functional combined with Lee-Yang-Parr correlation potential (B3LYP). The molecular docking was performed with Surflex-Dock program that is interfaced with Sybyl-X 2.0. Label free quantitative proteomics was performed as described in our early publications. Briefly, agilent 1260 infinity HPLC-Chip/ MS system was used. The chemicals used for synthesis were purchased as analytical grade procured from Biotium, Inc, Aldrich Chemical Co. and Merck Chemical Co. The melting points were determined in open capillary tubes and are uncorrected. IR spectra were recorded with KBr pellets (FT-IR spectrometer MB 104 ABB Limited, Kalasalingam University, Krishnankoil, Tamilnadu). 1 H NMR spectra (Bruker 300 NMR spectrometer, Punjab University, Chandigrah) were recorded with TMS as internal reference. Mass spectral data were recorded with a quadrupol mass spectrometer (Shimadzu GC MS QP 5000, Punjab University, Chandigrah), and microanalyses were performed using a vario EL V300 elemental analyzer (Analysensysteme GmbH, Kalasalingam University, India). The purity of the compounds was checked by TLC on pre-coated SiO 2 gel (HF 254 , 200 mesh) aluminum plates (E. Merck). Evidence of structure was achieved by IR, 1 H-NMR, mass spectral data, and elemental analyses.
Methods
Graph theoretical analysis
The graph theoretical analysis was performed by using KEGG database and Cytoscape software [24] . In this study, the preparation and processing of KEGG pathway data (hsa 04010) used with different centrality measures to identify key central node of network. The overview of MAP Kinases signalling pathway from KEGG database is shown in ▶Fig. 1. Network components were visualized and analyzed using Cytoscape 3.3.0. Nodes are genes, compounds and edges are interaction between the nodes. The network contains 129 nodes with 177 edges.
Insilico modeling
Molecular docking was used to elucidate the binding mode of the compounds to provide straight forward information for further structural optimization. The crystal structure of mitogen activated protein kinase p38alpha (D176A + F327L) activating mutant (PDB ID: 2FST) was extracted from the Brookhaven Protein Database (PDB http://www.rcsb.org/pdb). The proteins were prepared for docking by adding polar hydrogen atom with Gasteiger-Huckel charges and water molecules were removed. The 3D sketch up of the structure was implemented by SYBYL program (Tripos Inc., St. Louis, USA) and its energy-minimized conformation was obtained with the help of the Tripos force field using Gasteiger-Huckel charges and molecular docking was performed with Surflex-Dock [25] program that is interfaced with Sybyl-X 2.0 and other miscellaneous parameters were assigned with the default values given by the software.
DFT
The synthesized compound was studied for their stability by DFT with standard drug Uramustine. The DFT was performed through B3LYP [26] and basis set of 6-311 + + G (d,p). The above parameters have been used in the purpose of optimization and stability studies of compound and Uramustine. The optimized structures of selected compound and Uramustine were shown in ▶Fig. 2. In this experiment to understand the stability, highest occupied molecular orbital (HOMO) and lowest unoccupied molecular orbital (LUMO) gap, DFT reactivity parameter have been calculated and further chemical hardness also been calculated using the following formula:
Where I = ionization potential, and A = electron affinity of a molecular system. Based on Koopman's theorem [27] HOMO was related to I = -E HOMO and LUMO was related to A = -E LUMO . All the calculations part was performed by using NWChem 6.0 program [28] .
Optimization
The most effective key parameters on 4-hydroxy benzaldehyde (X 1 = 0.1-1 M), ethyl cyanoacetate (X 2 = 0.1-1 M), guanidine hydrochloride (X 3 = 0.1-1 M) including temperature and rotation per minute were chosen for identification of significant synthetic methodology of 4-(4-hydroxybenzyl)-2-amino-6-hydroxypyrimidine-5-carboxamide. In order to optimize the values of these parameters and reach the best response, BBSD was applied. Three levels three factors BBSD was applied to examine the optimum combination of effective synthetic methodology. The coded and real levels of the independent variables in the Box-Behnken statistical design matrix were listed in ▶Table 1. A total of 46 investigational runs with eight factorial points, six axial points and six replicates of the central point's were carried out according to the BBD experimental design and low, middle, and high levels of the coded values were designated for the variables as 1, 0, and − 1, respectively.
Synthetic Procedure
The synthetic strategy to prepare the target compounds is depicted in earlier reported ▶Fig. 3 [29] . The equimolar mixture of 4-hy-▶Fig. 1 The signalling pathway of MAP Kinases droxy benzaldehyde, (0.01-1.0 mol), ethyl cyanoacetate (0.01-1.0 mol) and NaOH (0.4 g in 5 ml water) in 25 ml ethanol was stirred mechanically for at least 10 min, then guanidine hydrochloride (0.01-1.0 mol) was added to the above reaction mixture and reaction mixture was stirred with 100-300 rpm using temperature 30-50 o C till completion of reaction. Followed by the above reaction mixture was mixed with 1 mmol of TFA in presence of H 2 SO 4 in continuous stirring for 4 h at room temperature. After this it was poured into ice cooled water to get the desired product and to end with recrystallization using ethanol to get pure product 4-(4-hydroxy benzyl)-2-amino-6-hydroxypyrimidine-5-carboxamide.
Formulation of nanoparticles
The formulation of metal-drug nanoparticles was produced by electrolytic cathode reduction of copper and the methodology was followed by addition of 0.5 % w/v of 4-(4-hydroxy benzyl)-2-amino-6-hydroxypyrimidine-5-carboxamide and 5 % w/v of copper sulphate penta hydrate into a 500 mL beaker with this 100 mL water was added to make a homogenous aqueous copper sulphate-drug solution. The fresh anode and cathode electrodes of copper plates were placed in this solution and 1.5 A DC a constant current was passed into this solution. At the end of the electrolyzing process a layer of copper-drug nanoparticles deposition was observed on the cathode surface. The copper-drug nanoparticles was obtained through removal of observed layer and it was washed with solution of 100 mL water and 60 mL acetone to remove residual of starting materials. The formulated nanoparticles was characterized by SEM analysis and X-ray diffraction to verify the formation of copper-drug nanoparticles.
Anticancer activity
The potential cell proliferation activity of optimally prepared 4-(4-hydroxybenzyl)-2-amino-6-hydroxypyrimidine-5-carboxamide was examined by 3-(4, 5-dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium bromide (MTT) assay. Briefly, Breast cancer cell lines (MCF7 cell) were seeded in a 96-multiwell plate (1 × 10 5 cells/well) for 24 h before treatment with 4-(4-hydroxybenzyl)-2-amino-6-hydroxypyrimidine-5-carboxamide, allowing for cell add-on to the plate wall. Different concentrations of 4-(4-hydroxybenzyl)-2-amino-6-hydroxypyrimidine-5-carboxamide compound (5-25 μg/mL) were added to cell monolayer and the respective amount of DMSO in PBS buffer was used as control. The medium was removed after 24 h of treatment and cells were washed with phosphate-buffered saline (PBS, 0.01M, pH 7.4). This was followed by addition of 200 μL (5 mg/mL) of MTT prepared in serum free medium solution to each well and incubated for 4h at 37 °C in a 5 % CO 2 . Thus, the obtained cells were fixed, washed and stained with MTT stain. Acetic acid was used to remove excess stain while Tris EDTA buffer was used to remove any attached cells. The color intensity was measured in a microplate reader at 564 nm. The absorption ratio of treated cells to absorption of non treated cells expressed in percentage resulted in percentage of death cells. Thus, every treatment condition was repeated in triplicate and IC 50 of 4-(4-hydroxybenzyl)-2-amino-6-hydroxypyrimidine-5-carboxamide compound obtained were used for treatment for all further studies.
HPLC-Chip-MS
The charged peptides from HPLC-Chip system were infused into mass-spectrometer for detection. The following HPLC-Chip-MS conditions were used for acquiring the MS and MS/MS spectrum of the peptides. Chip ID: G4240-62030 Chip Name: High Performance Chip, 
Independent variables
Symbols 
Bio-informatics analysis
Protein identification was performed with the following criteria: 
Results
Graph theoretical analysis
The network was intended to recognize key node of centrality measures like Degree, Stress, Betweenness, Radiality, Closeness, Eccentricity and Eigenvector and it was achieved by using Cytoscape software. The values maximum, minimum and mean were calculated for each and every protein and mean value is in use as a threshold value. In all the parameters a node of exceeds threshold values are measured as key node in network and the results were represented in ▶Table 2.
Insilico Modeling
The compound and standard Uramustine were docked into the active site as shown in ▶ Fig. 4 . The predicted binding energies of the compounds are listed in ▶ Table 3 
DFT
The HOMO-LUMO gap values of Uramustine showed 4.29 eV and interestingly synthesized compound was showed 4.73 eV. The ob-served gap values were indicates that the synthesized compound was more stable than the Uramustine. The bond length values and chemical hardness are listed in ▶ Table 4 . In addition the calculated chemical hardness value of synthesized compound was 2.37 eV and it was higher than the Uramustine chemical hardness value 2.15 eV. Based on the maximum hardness principle [30] the consequence of higher chemical hardness value is a clear indication of maximum stability of the structure.
Optimization
Experimental design, 46 sets of experiments has been conducted by using BBSD and the experiments were performed within the parameters and their range, predicted results experimental results were presented in ▶Fig. 5-7. 
Discussion
Graph theoretical analysis
The obtained outcome result from graph theoretical analysis was evidently highlights that the p38α has crossed all parameters of threshold value. Therefore, p38α is recognized as a significant protein on the whole network and it will be an ideal target to prevent the development of breast cancer cells.
Insilico Modeling
The observed in silico results were showing that the compound interacts with Glu71 which is a conserved residue and this residue lies within the αC helix of ERK1/2 which is mainly it is required for saltbridging with β3-lysin and the salt-bridging is essential for kinase to be active [31] . Since the designed compound interacts strongly with Glu71 it would prevent salt-bridging and rendering the kinase inactive. Further, within the hydrophobic pocket III, Glu71 is capable of making a hydrogen bond with the donor residue. The beginning activation segment of the DFG [expansion] motif spans is between 167 -169 amino acids [31] , within this region lies Asp 168 and it is interacts with the compound, therefore the compound is likely to affect activation of enzyme. In the enzyme hinge region ranges are from 106 -109, interestingly the compound is capable of interacting with His107 lying within the hinge region. This hinge region connects N-and C-lobes and interacts with ATP through hydrogen bond [31] . Therefore, the compound can able to effectively inhibit ERK2 since it can interact with 3 different amino acids positioned at 3 different crucial sites necessary for the activity of enzyme. In addition it has already been reported that small molecules inhibitors of protein kinases compete with hinge region to compete with ATP molecules [32] .
DFT
The connection of DFT observed results were indicates that synthesized compound of 4-(4-hydroxybenzyl)-2-amino-6-hydroxypyrimidine-5-carboxamide is having more stable than the standard ▶Fig. 8 The drug-copper nanocomposites configuration Uramustine, hence the synthesized compound gained attraction for their further studies.
Optimization
The observed results were indicates that among the selected independent variables, 4-hydroxy benzaldehyde (X 1 ) and ethyl cyanoacetate (X 2 ) has significant effects on maximum yield of 4-(4-hydroxybenzyl)-2-amino-6-hydroxypyrimidine-5-carboxamide (74.55-76 %), melting point 127 o C and R f value of 0.59. 
Chemistry
The IR, 1 H-NMR, mass spectroscopy and elemental analyses for the new compound are in accordance with the assigned structures. The IR spectrum of compound showed bands of hydroxy group at 3368 cm − 1 and amine group stretching bands appears at 3312 cm − 1 . The appearance of a strong intensity band in the IR spectra of compound in the range of 1728 cm − 1 attributable to C = O and it provides a strong evidence for the condensation and also confirms the formation of the title compound. The proton magnetic resonance spectra of pyrimidine derivative have been recorded in CDCl 3 . In this signals appear at 9.52 (s, 1H, OH), 8.69 (s, 4H, NH 2 ), 6.72-7.23 (m, 4H, Ar-H), 3.60 (s, 2H, CH 2 ) ppm respectively. The position and presence of proton signals in the 1 H-NMR spectra of final compounds and mass spectra were confirms further the title moiety. All these observed facts clearly envisages that the 4-(4-hydroxy benzyl)-2-amino-6-hydroxypyrimidine-5-carboxamide formation as indicated in ▶ Fig. 3 and it confirms the proposed structure. The characterization of formulated nanoparticles by SEM analysis and X-ray diffraction reports were confirm the formation of copper-drug nanoparticles that of less than 30 nm diameter in size ▶Fig. 8.
Anticancer activity
The in silico modeling report was encouraging us to perform in vitro anticancer activity and it was screened against MCF7 cancer cell lines by using MTT assay. In a dose-dependent manner the 4-(4-hydroxybenzyl)-2-amino-6-hydroxypyrimidine-5-carboxamide nanoparticles was having capability to decrease viability of cells.
The observed results with 5µg/mL concentration was decreases 21 % viability of cell death as shown in, 25 µg/mL concentration was decreases 54 % viability of cell death and 72 % cell death was observed with 50 µg/mL concentration of nanoparticles. The findings of above results were directly indicating that the increasing concentration of nanoparticles was directly decreases viability of cell death ▶Table 5.
Quantitative proteomics studies
Quantitative proteomics was performed for our drug to understand the molecular mechanism at its functional level. After applying the filtering criteria of greater than 2 unique peptides with 5 % FDR and a Q-value of zero 34 proteins were differentially expressed in treatment groups. Among them, 21 proteins were up regulated with intensity ratio > 1.5 ▶ Table 6 and 13 proteins were down regulated proteins with intensity ratio < 0.05 ▶ Table 7 . Gene ontology and interactive pathway maps were represented in the Further, KEGG pathway enrichment analysis was performed and key pathways and its regulatory proteins were represented in the ▶Table 8. Over all, the identified regulatory pathways and differentially expressed proteins on drug treatment were well established and linked with the major regulatory networks in carcinogenesis, tumor progression and metastasis in multiple cancer types.
Conclusion
A general method has been developed for the synthesis of 4-(4-hydroxybenzyl)-2-amino-6-hydroxypyrimidine-5-carboxamide. This process involved in the addition of ethyl cyanoacetate, 4-hydroxy benzaldehyde and guanidine hydrochloride with various temperatures and rotation per minute (rpm). On the basis of optimization measurement, the synthesis of 4-(4-hydroxybenzyl)-2-amino-6-hydroxypyrimidine-5-carboxamide has been proposed for achieve high yield with accuracy of physiochemical parameters like melting point and R f value. The optimization behavior of title compound was studied which showed that more positive potential value of the yield 82 % as compared to those for corresponding synthesis. The in vitro biocompatibility study was highlighting that 4-(4-hydroxybenzyl)-2-amino-6-hydroxypyrimidine-5-carboxamide nanoparticles was having significant cell viability and proliferation and 92 % MCF7 cellular death was confirming that it was aligned with in silico modeling study report. Therefore the formulated nanoparticles might be an exclusive carrier in the connection of drug delivery against cancer activity and we introduced graph theoretical analysis, density functionality theory and proteomics reports are having a great impact and it will open a new resource in the identification of alternative treatment of various cancers.
